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DB
2 2 FPU 3
4 5
2 2 FPU
1 2
$H= \sum\frac P+\sum V(Q-Q)$ (1)
$Q\in \mathbb{R},$ $P\in \mathbb{R}$ $m$ $n$
$m=1,$ $m=\overline,$ $i=1,2,$ $\ldots,$ $N/2$ , $\overline>1$
$Q=Q=0$ $N-1$ $N$
$V$
$V(X)=W(X, \mu)+\frac X$ (2)
$k\geq 4$ $\mu\in \mathbb{R}$ $O\subseteq \mathbb{R}$ $\mu=0$
$W(X, \mu)$ : $\mathbb{R}\cross Oarrow \mathbb{R}$ $X$ $\mu$ $C$ $W(X, 0)=0$
$\overline$
$\overlinearrow\infty$
$\epsilon$
[13].
$\epsilon=\frac$ (3)
$\epsilon$ $q$
$q=\{\begin{array}{ll}Q if n=2j-1,\epsilon Q if n=2j,\end{array}$ $j=1,2,$ $\ldots,$ $N/2$ (4)
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(1)
$H= \sum\frac p+\sum[V(\epsilon q-q)+V(q-\epsilon q)]$ (5)
$p$ $q$ $p=P,$ $p=\epsilon P$
$q=q=0$ (5)
$\ddot 2j-1$ $=$ $V(\epsilon q-q)-V(q-\epsilon q)$ (6)
$\ddot$
$=$ $\epsilon V(q-\epsilon q)-\epsilon V(\epsilon q-q)$ (7)
$\epsilon=0$ $p$
(5)
3
anti-continuous limit, $\epsilon=0$ $\mu=0$
(6), (7)
$q=2\sigma\varphi(t)$ , $q=0$, $j=1,$ $\ldots,$ $N/2$ (8)
$\sigma\in\{-1,0,1\}$ $\varphi(t)$
$..+\varphi=0$ (9)
1
(9)
$\frac\dot+\frac\varphi=h$ (10)
$h>0$ $\varphi(t)$ $T$
$T=2 \sqrt h\int\frac dx$ (11)
$h$ $h$ $0$ $+\infty$ $T$ $+\infty$ $0$
$T>0$ $T$ (9)
$\varphi(t)$ $\sigma=(\sigma, \sigma, \ldots, \sigma, \ldots, \sigma)\in$
$\{-1,0,1\}$ $T>0$ (8) $T$
$\Gamma(t;\sigma, T)$ (8) $q$ $p=\dot$ $\Gamma(t;\sigma, T)=$
$(q(t), \ldots, q(t),p(t), \ldots,p(t))$
$\sigma$ $-1,0,1$ 3 3$N/2$ $\sigma$
$S\subset\{-1,0,1\}$
(12)$S=\{\sigma;\text{ }\geq 1,2\leq jo\leq N/2-m$ $s$ . $t$ . $\sigma=\{\begin{array}{llll}\pm 1 if j\leq j\leq j+m -10 otherwise \end{array}\}$
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$m$ $\sigma$ $\pm 1$ $0$
$(. . . , 0,1,1, -1,0, \ldots)\in S$ $(. . . , 0,1,1,0, -1,0, \ldots)\not\in S$ $n=1,$ $N-1$
$m\geq 2$
$\delta$
$\delta=\{\begin{array}{l}+1 1f \sigma=\sigma-1 if\sigma=-\sigma\end{array}$ (13)
$j=1,$ $\ldots,$ $m-1$ $\delta=+1,$ $-1$
2 $m-1$ $\delta$ $+1$ $d+,$ $-1$
$d$ DB
1. $\sigma\in S$ , $T>0$ $\epsilon>0$
$0\leq\epsilon<\epsilon$ , $\mu=0$ (5) $T$- $\Gamma(t;\sigma, T)$ $\epsilon$ $t$
Fo $(t;\sigma, T)=\Gamma(t;\sigma, T)$ $\epsilon\in(0, \epsilon)$ $\epsilon$ $\mu=0$
$B$ $\mu\in B$ (5) $\Gamma(t;\sigma, T)$ $\mu$ $t$ $C$
$\Gamma(t;\sigma, T)=\Gamma(t;\sigma, T)$ , $\tau(\mu)$ $C$ $\tau(0)=T$ $\Gamma(t;\sigma, T)$
(i) $m=1$
(ii) $j\in\{1, \ldots, m-1\}$ $\delta=-1$
(iii) $d+$
(iv) $d+\geq d$
$2\leq m\leq 5$ 1 $(j\in\{1, \ldots, m-1\}$ $\delta=-1$ )
$\Gamma(t;\sigma, T)$
$m\geq 6$ $(i)-(iv)$
$d=2,$ $d=3$. $(i)-$ (iv)
4
Hill
$\frac+\lambda\varphi(t)\xi=0$ (14)
$\xi\in \mathbb{R},$ $\lambda\in \mathbb{R}$ $k\geq 4$ $\varphi(t)$ (9) $T$- Hill
(14)
$\{\xi(t), \xi(t)\}$ $t=0$ (14) $M(\lambda)$ $\xi$ $\xi$ 1 $T$
$M(\lambda)$ $2\cross 2$
$(\xi(t+T), \xi(t+T))=(\xi(t), \xi(t))\cdot M(\lambda)$ (15)
172
Hill
(14) Hill
[22]. $M(\lambda)$
(14) $M(\lambda)\in$ SL $($2, $\mathbb{C})$ ( ) $\rho,$ $\rho$
$trM(\lambda)$ 4 :(i) tr$M(\lambda)|<2$
$\rho=e,$ $\rho=e(0<\theta<\pi),$ (ii) tr$M(\lambda)>2$ $0<\rho<1<\rho$ , (iii) tr$M(\lambda)=2$
$\rho=\rho=+1$ , (iv) tr$M(\lambda)=-2$ $\rho=\rho=-1$ . $S,$ $\mathcal{U},$ $\mathcal{D},$ $\mathcal{D}$
$S$ $=$ $\{\lambda\in \mathbb{R};0<\lambda<1$ or $k-1<\lambda<k+2$ or. . .
or $j(j-1)k/2-j+1<\lambda<j(j-1)k/2+j$ or $\ldots,$ $\}\backslash D$ (16)
$=$ $\{\lambda\in \mathbb{R}$ ; $\lambda<0$ or $1<\lambda<k-1ork+2<\lambda<3k-2$ or. . .
or $j(j-1)k/2+j<\lambda<j(j+1)k/2-j$ or. . . $\}$ (17)
$\mathcal{D}$ $=$ $\{0,1, k-1, \ldots,j(j-1)k/2+j, j(j+1)k/2-j, \ldots, j\in \mathbb{N}\}$ (18)
$\mathcal{D}$ $=$ $\{j(j-1)k/2+(1-1/k)/2, j\in \mathbb{N}\}$ (19)
$S,$ $\mathcal{U},$ $\mathcal{D},$ $\mathcal{D}$ $(i)-(iv)$ [22].
1. $M(\lambda)$ (i)-( (i) $\lambda\in S$ $\rho=e,$ $\rho=$
$e(0<\theta<\pi)$ , (ii) $\lambda\in \mathcal{U}$ $0<\rho<1<\rho$ , (iii) $\lambda\in \mathcal{D}$ $\rho=\rho=+1$ , (iv)
$\lambda\in \mathcal{D}$ $\rho=\rho=-1$ .
Krein
Krein
(
[23, 24] $)$ . $M(\lambda)$ Krein $\lambda\in S$
1 $M(\lambda)$ $\rho=e,$ $\rho=e(0<\theta<\pi)$ $\rho$ $\rho$ Krein
$K[\rho, \rho]=$ sgn $[(\xi(0), \eta(0))\cdot(\begin{array}{ll}0 1-1 0\end{array})\cdot(\begin{array}{l}\xi(T)\eta(T)\end{array})]$ (20)
sgn $[x|=x/|x|(x\in \mathbb{R}\backslash \{0\})$ , sgn$[0]=0$ $\eta\equiv\dot$ $(\xi, \eta)$ $F$ Hill (14)
$K[\rho, \rho]$ $(\xi, \eta)$ $\rho=e(0<\theta<\pi)$
$K[\rho, \rho]\neq 0$ (14) $M(\lambda)$
$M(\lambda)$ (20)
2. $\rho$ $\rho$ $M(\lambda)$ $M(\lambda)$ $\lambda,$ $\lambda\in(0, L)\cup(k-$
$1,$ $k-1+L)$ $K[\rho, \rho]=K[\rho, \rho]$ $L=(1-1/k)/2,$ $L=(3-1/k)/2$.
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5
(5) $(\mu=0)$
$\mu=0$ (5)
$H= \sum\frac p+\sum\frac[(\epsilon q-q)+(q-\epsilon q)]$ (21)
$\ddot 2j-1$ $=$ $(\epsilon q-q)-(q-\epsilon q)$ (22)
$\ddot$
$=$ $\epsilon(q-\epsilon q)-\epsilon(\epsilon q-q)$ (23)
(21)
$q(t)=u\varphi(t)$ (24)
$u\in \mathbb{R},$ $n=1,2,$ $\ldots,$ $N-1$ $\varphi(t)$ $t$ $q(t)$
$\varphi(t)$ (24)
(24) (22), (23)
$\ddot+\varphi=0$ (25)
$u+(\epsilon u-u)-(u-\epsilon u)$ $=$ $0$ (26)
$u+\epsilon(u-\epsilon u)-\epsilon(\epsilon u-u)$ $=$ $0$ (27)
$q=q=0$ $u=u=0.3$ $T>0$
(25) $T$- $\varphi(t)$ $T$- (25)
$\varphi(t)$ $t$ (26), (27) $u=(u, \ldots, u)$
(22), (23) $T$- 1
stepl step3
Step 1: $\epsilon=0$ , $\mu=0$
anti-continuous limit $\epsilon=0$ (26), (27)
$u-2u=0$, $u=0$ (28)
$u=2\sigma$ , $u=0$, $j=1,$ $\ldots,$ $N/2$ (29)
$\sigma\in\{-1,0,1\}$ $\sigma=(\sigma, \sigma, \ldots, \sigma, \ldots, \sigma)\in\{-1,0,1\}$
(29) (28) $\sigma\in\{-1,0,1\}$ (29) $u\in \mathbb{R}$
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$u$ $T$- $\varphi(t)$ (24) (22), (23) $\Gamma(t;\sigma, T)$
$\sigma\in S$ 1 DB
Step 2: $\epsilon>0$ , $\mu=0$
Step 1 DB $\epsilon>0$
(26), (27) (26), (27) $F(u, \epsilon)$
$F$ : $\mathbb{R}\cross \mathbb{R}arrow \mathbb{R}$ $C$ $F(u, 0)=0$, $\det(\partial F(u, 0)/\partial u)\neq 0$
$\epsilon>0$ $C$ $u(\epsilon;\sigma),$ $n=1,$ $\ldots,$ $N-1$ $\epsilon\in(-\epsilon, \epsilon)$
$(u(\epsilon;\sigma), \ldots, u(\epsilon;\sigma))$ $F$ (26), (27) $(u(0;\sigma), \ldots, u(0;\sigma))=u$
$u$ $u(\epsilon;\sigma)$ (24)
DB $\Gamma(t;\sigma, T)$
$q(t)=u(\epsilon;\sigma)\varphi(t),$ $p(t)=u(\epsilon;\sigma)\dot(t)$ , $n=1,2,$ $\ldots,$ $N-1$ (30)
$\Gamma(t;\sigma, T)$ $\epsilon$ $t$ $T$ $\Gamma(t;\sigma, T)=$
$\Gamma(t;\sigma, T)$
$\Gamma(t;\sigma, T)$ $\mathcal{M}$
$\xi+\varphi(t)G\cdot\xi=0$ (31)
$\xi=(\xi, \ldots, \xi)$ $\xi$ $q$ $G$ $(N-1)\cross(N-1)$
3
$G=(k-1)\cdot(\begin{array}{llllll}c+c -\epsilon c -\epsilon c \epsilon(c+c) -\epsilon c -\epsilon c c+c -\epsilon c \cdots \cdots \cdots \cdots \cdots \cdots -\epsilon c \epsilon(c+c) -\epsilon c -\epsilon c c+c\end{array})$ (32)
$c$
$c=\{\begin{array}{l}(u(\epsilon;\sigma)-\epsilon u(\epsilon;\sigma)) if n=2j-1(\epsilon u(\epsilon;\sigma)\backslash -u(\epsilon;\sigma)) if n=2j\end{array}$ (33)
$G$ $\lambda,$ $i=1,$ $\ldots,$ $N-1$ $G$ $\lambda$
$T$ $G$ $\zeta=(\zeta, \ldots, \zeta)$ $\xi=T\cdot\zeta$
(31) $N-1$ 1 2 (14)
$\ddot+\lambda\varphi(t)\zeta=0$ (34)
$\rho,$ $\rho$ (34) $M(\lambda)$ (31)
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$\mathcal{M}$
1 $=$ $(\begin{array}{llll}M(\lambda) M(\lambda) \ddots M(\lambda)\end{array})$ (35)
$\mathcal{M}$ $spec\mathcal{M}=\{\rho, \rho, \rho, \rho, \ldots, \rho, \rho\}$
$\lambda\in \mathbb{R},$ $i=1,$ . $.\cdot$ . $,$ $N-1$ 1 $\mathcal{M}$
$\epsilon\in(0, \epsilon)$ $\epsilon$ $G$
$\lambda$
(29) (32) $\epsilon=0$ $\lambda=\cdots=\lambda=k-1,$ $\lambda=\cdots=\lambda=0$
$\epsilon>0$ $G$ $i$ $\lambda>0$
$\epsilon$
$|$ $\lambda\in(0, L)\subset S,$ $i=m+1,$ $\ldots,$ $N-1$
1 $\Gamma(t;\sigma, T)$ $\epsilon$ $k-1$
$\lambda=k-1$ $m=1$ 1
$\rho=+1$ $|\rho|=1,$ $\rho\neq\pm 1,$ $i=2,$ $\ldots,$ $N-1$ 2 $\rho,$ $\rho(i\neq 1)$
Krein
$m\geq 2$ $\lambda=k-1,$ $i=1,$ $\ldots,$ $m-1$ $\epsilon$
$G$ $\epsilon$ $\epsilon$ [25]. $k-1$
$\lambda=(k-1)[1+x\epsilon+y\epsilon+\cdots]$ $x=0$
$y$ $\Phi(y)=0$ $\Phi(y)$ $(2m+1)\cross(2m+1)$
$\Phi(y)=|\begin{array}{llllll}1 \frac \frac y+\alpha \frac \frac 1 \frac \ddots \frac y+\alpha \frac \frac 1\end{array}|$ (36)
$\alpha j=(2+\delta+\delta)/4$ $\delta=\delta=0$ .
$\Phi(y)=y,$ $\Phi(y)=y(y+\delta/2)$ $\Phi(y)(m\geq 3)$
$\Phi(y)=(y+\frac)\Phi(y)+y\sum(\prod\frac)\Phi(y)$ (37)
$\Phi(0)=\Phi(0)=0$ (37) $\Phi(0)=0$ $\Phi(y)=0$
$y=0$ $\Phi(y)=0$ $m$ $y,$ $i=1,$ $\ldots,$ $m$ $y=0$ $y=0$
$\lambda=k-1$ (37)
$\prod y$ $=$ $(-1) \frac\prod\delta$ (38)
$\sum y$ $=$ $- \frac\sum\delta$ (39)
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$\delta=\pm 1\neq 0,$ $j=1,$ $\ldots,$ $m-1$ (38) $F$ $0$ $y\neq 0,$ $i=1,$ $\ldots,$ $m-1$
$i=1,$ $\ldots,$ $m-1$ $\lambda\neq k-1$ . 1
$\rho\neq+1$ $+1$ 2
$d+$ (38) 1 $y<0$
$\lambda$
$\epsilon$ $\lambda\in(1, k-1)\subset \mathcal{U}$ 1
$\rho>1$
$d+\geq d$ (39) $0$ $y\neq 0$ 1
$y<0$ $\epsilon$ $\lambda\in(1, k-1)\subset \mathcal{U}$
$\rho>1$
$\forall$ $\forall<0$ sgn$[\Phi(y)]=-1$ sgn$[\Phi(y)]=(-1)$
(37) sgn $[\Phi(y)]=(-1)$
$y>0,$ $i=1,$ $\ldots,$ $m-1$ $\epsilon$ $\lambda\in$
$(k-1, k-1+L)\subset S$ $i=1,$ $\ldots,$ $m-1$ $\lambda=k-1,$ $\lambda\in(0, L)\subset$
$S,$ $i=m+1,$ $\ldots,$ $N-1$ 1 $\rho=+1$ $|\rho|=1,$ $\rho\neq\pm 1(i\neq m)$
2 $+1$ $\rho,$ $\rho(i\neq m)$ Krein
Step 3: $\epsilon>0$ , $\mu\neq 0$
$\epsilon\in(0, \epsilon)$ $\Gamma(t;\sigma, T)$ $+1$ 2
( [261) $\mu=0$ $B\subset \mathbb{R}$ $\mu\in B$ $\tau(\mu)$
$\Gamma(t;\sigma, T)$ $\Gamma(t;\sigma, T)=\Gamma(t;\sigma, T),$ $\tau(0)=T$ $W$
$C$ $\Gamma(t;\sigma, T)$ $\mu$ $t$ $C$ $\tau(\mu)$ $C$
$\mu$ $d+$ $d+\geq d$ $B$
$\mu\in B$ $|\rho|>1$ $\Gamma(t;\sigma, T)$ $m=1$ ,
$\forall$
$\rho=\rho=+1$ $\mu$
$\mu$
$+1$
$\mu=0$ Krein $\mu$ Krein
collision [23, 24]. $\Gamma(t;\sigma, T)$
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